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The thermal decomposition of Athabasca asphaltene at relatively low «35d*C) temperatures is believed 
to proceed by elimination of groups situated on peripheral sites of the asphaltene. More severe degrad- 
ation of the asphaltene structure does not occur until elevated (>350°C) temperatures are attained. 
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^■pituiuens and petroleums are predominantly hydrocarbon 
to nature; they do, however, contain appreciable amounts of 
organic non -hydrocarbon constituents, mainly nitrogen-, 
r'oxygen- and sulphur-containing compounds. These consti- 
tute usually appear throughout the entire range of bjtu- 
imeo mictions but tend to concentrate mainly in the heavier 
;tjons and in the non-volatile residues 1 '*. Although their 
itration in the various fractions may be quite small, 
Sheir influence U nevertheless quite important. Of special 
jortance is the asphaltene fraction in which the non- 
rdrocarbon constituents tend to concentrate 3 and which 
[appears to be responsible for a large proportion of the coke 
'educed during a thermal operation. It was therefore of 
(erest to expand the investigations described earlier on 
thermal cracking of the Athabasca bitumen 4 -*. The pre- 
it communication describes the thermal treatment of the 
Itene traction from Athabasca bitumen and attempts 
determine the course of the thermal reaction by investi- 
ng the nature and production of the gaseous materials 
the non-volatile residue. 

fBfeRlMENTAL 

ytagfaed amounts of dried (70°C/2.7 kPa/50 h) dernincral- 
pfi asphaltenes (ca\ 2.5 g), separated from Athabasca 
^turoen in the manner described elsewhere 4 , were placed 

a silica tube, in a conventional tube furnace, flushed by a 
#ream of dry nitrogen (>$9. 9% purity) raised to the desig- 
ned teraperature at 5*C min -1 and maintained at that 
jXemperature for 1 .5 h. The composition of the gaseous 
P^F^^ts was determined using a Fischer Gas Partinoner 
jfTlgEfTdpped with two columns — one 183 cm x 6.4 mm 
* f t X 1/4 in) packed with di-2-ethyIhexyl-sebacato on 

mesh Chromosorb P and the other 198.3 cm x 9.5 mm 
Packed with 40—60 mesh molecular sieve — maintained at 
;wrawF^ dry helium as the carrier (40 ml min" 1 ) gas. 
^fggMw proportions of propane and butane in the gaseous pro- 
*yucts were estimated by means of a gas cinematograph 

Pped with a silica-gel column (305 cm x 9.5 mm) and a 
% ? rm *!*COnductjvity cell. Non-volatilo products were con- 
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tinuously extracted (Soxhlet) with pentane and then with 
benzene until all extracts were colourless (cor. 24 h). 

The experimental technique did not allow estimation of 
the sulphur dioxide which is known to be produced during 
the thermal decomposition of asphaltenes % 

Elemental analyses were determined by the Alfred Bern- 
hardt Microanalytical Laboratory, Elbach uber Engelskir- 
chen, West Germany. 



RESULTS 

The thermal decomposition of the asphaltenes occurred 
readily at a variety of temperatures to yield products vary- 
ing from low-molecular-weight gases on the one hand to 
presumably high-molecular-weight, benzene-insoluble mate- 
rial on the other. 

The data presented in Table J show that gases are re- 
teased from the asphaltene at low temperatures, and that 
there is a significant increase in the amounts of these pro- 
ducts over the temperature range 200— 60G°C. The product 
distributions are markedly different at temperatures above 
3S0°C. For example, the yields of the C1--C4 paraffins 
rise from 81 .5 mmol/100 g asphaltene to 185.S mmol/100 g 
asphaltene at 400° C. Similarly, at temperatures above 
350°C, hydrogen sulphide is an important component of 
the gaseous products, there being only 5 mmol/100 g asphal- 
tene at 300° C but rising to 243 ramol H2S/IOO g asphaltene 
at 400°C. It is also significant that the gaseous products 
contain substantial proportions of the oxygen and sulphur 
originally present in the asphaltenes (Table 2). 

The evolution of gases (CH4, C2H6, CO and CO2) from 
the asphaltene at low (<300°C) temperatures is at first sur- 
prising, but it is known that first condensed aromatics and 
then alkyl derivatives will produce hydrocarbon gases at 
moderate temperatures 7 ' 9 and the oxygen-containing gases 
could conceivably arise from the facile decomposition of 
the various oxygen functions that are reputed to be present 
in the asphaltenes 9 * t0 . Indeed, gases of tlus type have been 
shown to be present in the oil sand at formation tempera- 
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tures". The simultaneous generation of bciizcn^inich^J 
material [Table 3) indicates the presence of a thermal co^ 
dcnsaiton reaction even at these low temperatures. Thcp^ 
sencc of higher paraffins (C3H8 and CnHio)* the olefins ■% 
(C2H4 and C3H8) and the remaining non^iydrocarbon 
(H2 and H2S) at elevated temperatures indicates the occ&, 
ence of a more severe thermal degradation. Indeed, it u. 
significant that the generation of several of these gasccnj^ 
materials is usually accompanied by an inflexion point 
the range 350-450°C {Figures 1 and 2) suggesting that ugf 
thermal processes may be occurring. Presumably, at tciq^ 
peraturcs <350°C the more thermally labile groups, suck 
as those on peripheral sites, are eliminated whilst at higher 
temperatures (>350*C) more severe degradation of the ^ 
asphaltene molecule occurs. • 

The non-volatile products produced by thermal treat^ 
mcnt of the asphaltcncs can be conveniently divided intoig 
three fractions by solvent treatment {Table J), it has beeii| 
shown previously that thermal decomposition of the |5| 
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% S appearing 
as 

H*5 



% H appearing 

In 

total gases 



0 
0 
2.0 
3.8 
9.8 
14.6 
19.2 
22.5 



1.38 
2.96 
6.66 
14.27 
16.60 
21.17 
27.58 
32.08 



ifl ht of the element appearing jn the gas expressed as a pereentene of the element initially present in tho osphaltene 



3 Distribution of non-volatile products 



Product data 
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fcphajtcnes will produce a fraction that can be removed by 
distillation 4 . Under the present experimental conditions it 
tVfcs not possible to isolate, or even produce, material of this 
nature, but some lower-rnolccular-wcight material (pentane- 
iotuble product) was generated in each experiment with the 
"exception of the pyrolyses at 500°C and at 600°C. 

The infrared spectra of the pentane-soluble products 
'Severally resemble those of the resins and oxidized resins 11 ' 12 
jiving a broad absorption band at 3100-3500 cm"" 1 
Qtyurcgeiv.bonded hydroxy!), as well as bands at 1700 and 
I?. 20 cm-1 (carbonyi functions), 1230 cm -1 (carbon- 



oxygen stretching), and bands at 1000 cm" 1 , 1030 cm -1 , 
and 1 100 cm" 1 (assigned to sulphur— oxygen functions). 
However, the spectra of these products showed definite 
decreases in the intensities of these bands with increase in 
temperature, indicating elimination of these oxygen-contain- 
ing functions. Similarly , the infrared spectra of the benzene- 
soluble products generally resembled the spectra of the 
asphaltenes 1 *, and, with the exception of the 1700 and 
1720 cm" 1 absorption bands which were absent, contained 
similar bands in the 3100-3500 cm -1 and 1000-1150 cm" 1 
regions to those noted above; these also decreased in in ten- 
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sty with an increase in temperature, finally, the infrared 
spectra of the bcn2cnc-insolublc materials did not exhibit 
any of the aforementioned bands due to oxygen-containing 
functions but had absorption bands at 2920, 2850 and in 
the 1400-1500 cm -1 region (carbon-hydrogen) as well as 
a band at ca. 1600 cm"* 1 (carbon-carbon). 

It is apparent from the aforementioned results that the 
thermal decomposition of Athabasca asphaltcncs occurs at 
relatively low temperatures — indeed, this may be strong 
evidence in favour of a low-temperature history of the 
bitumen. However, the measurable evolution of carbon 
dioxide (and ethane and methane) at 200° C could well 
arise from the presence of carboxylic functions (in the case 
of carbon dioxide) and thermally labile alky] moieties (in 
the case of the hydrocarbon gases) on the periphery of the 
asphaltene molecule* The rapid increase in the evolution of 
the various gases at temperatures above 350°C is believed 
to bo due to moro severe degradation of the asphaltene. 



908-730-3649 

References 



T-787 P. 012/012 F-407 



I 

2 
3 
4 
5 

6 

7 

8 

10 
11 
12 
13 



Speight, J. G.. Petro 3. First Chemical Congr^ of t . 
American Continent. Mexico City, Nov. 3 -Dec 5 id * 
Koots, J. A. and Speight, J. G. Fuel 1573, S4 itq 91 
Speight. J.G.fWl$7Q,49,76 
Speight, J. Q. Fuel 1970. 49, 134 
Speight, J. G. Am. Chem. Soc> Dtv. Fuel Chem p„ 
1971,15,57 

Speight, J. G. Fuel 1971. 50. 102 
Madison, J, J. and Robert*, R. M. fnd Eng. Chem. iqco ; 
SO, 237 l * 5 *> 

Lewis. I. C. and Edstrom, T. / Org. Chem, I9S3, 2$ 2 n 
Moschopedu, S. E. and Speight, J. G. Fuel 1976. 55*33 
Moschopcdis, S. E. and Speight, J. G. Am. Chem. Sor n 
Fuel Chem.. Preprint 1976, 21 (6), 198 ; 
Sirausz, O. P.. Jha, K. K. and Montgomery, O. S. Fuel \i 
56, 114 

Moschopedw. S. Fryer, J. F. and Speight, J. C.futli 
55, 184 "1 
Speight, J. C. and Moschoptdis, S. E., Froc 2nd Alberta 
Sands Research Seminar, Edmonton, Dec. 6 and 7, 197$ 



1. 



.i 
1 

«. 
. ■ 



J 



•c 



434 FUEL, 1978, Vol 57, July 



PAGE 1 2/12 ' RCVD AT 3/16/2005 9:49:18 AM (Eastern Standard Time] 1 SVR:USPT0-EFXRF-1/2 ' DNIS:8729306 * CSID:908 730 3649 ' DURATION (mm-ss):0W6 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

♦ 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

BLACK BORDERS 

IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 




IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFWJmage Problem Mailbox. 



